Objectives-An attempt was made to characterise the antigens recognised by serum IgG antibodies directed to the stratum corneum of rat oesophagus epithelium, the so-called 'antikeratin antibodies', which were shown to be highly specific for rheumatoid arthritis (RA) and thus to have an actual diagnostic value. Methods-Immunoblotting was performed with RA serum samples on different extracts of rat oesophagus epithelium separated by various monodimensional and two dimensional electrophoreses. Results-Three low-salt-soluble antigens sensitive to proteinase K and, therefore, of protein nature were identified. Two proteins, with apparent molecular masses of 210 and 120-90 kilodaltons, shared isoelectric points ranging from 5 8 to 8 5; the third protein exhibited isoelectric points from 4'5 to 7-2 while its molecular mass ranged from 130 to 60 kilodaltons.
granules5 6 or collagen.7 This study deals with the circulating IgG antibodies, described in 1979 by Young et al,'0 which label the stratum comeum (SC) of rat oesophagus epithelium when tested by indirect immunofluorescence (IIF). Over the past few years numerous authors have shown that these antibodies are specific for RA and thus useful for its diagnosis." -19 Previously we used semiquantitative IIF, on a large series of serum samples, to determine the diagnostic specificity and sensitivity of detection of these antibodies (99% and 41-5%, respectively).'9 Their presence in the RA.serum samples was found to be independent of age, sex, and disease duration but to be related significantly to disease severity and activity (see 18 for cross references). Moreover, they were recently shown to be present in early RA and even before the onset of clinical symptoms. 20 21 Today, these antibodies are the most reliable diagnostic and prognostic serological marker for RA. ' Lastly, they have also been detected in rheumatoid synovial fluids'4 22 23 with higher concentrations than in the related serum samples,23 suggesting that they might be locally synthesised and possibly play a part in the pathogenesis of RA synovitis.
Probably because cytokeratins constitute the major proteins of the SC, these antibodies, which produce a linear laminated labelling restricted to this epithelial layer only, were called 'antikeratin' antibodies without any previous biochemical characterisation of the antigens. Confirming data obtained on short series by other authors,'0 22 24 we have shown that these antibodies also label the SC of human epidermis and are thus genuine autoantibodies. '7 On the other hand, naturally occurring IgM and IgG autoantibodies directed to epidermal cytokeratins have been described in all normal human serum samples, as well as in serum from patients with various diseases, including RA. 17 25 26 The simultaneous investigation, on a large series of RA serum samples, of these natural IgG autoantibodies to epidermal cytokeratins and of the antibodies to SC specific for RA, allowed us to show that they were directed to different epitopes, probably borne by different molecules.'7 '9 In this study we present the first isolation, physicochemical and biochemical characterisation of the rat oesophagus epithelial antigens recognised by the antibodies to SC specific for RA, the so-called 'antikeratin antibodies'. 
In some cases the staining intensity of the strips was estimated semiquantitatively exactly as described above for IIF reactivity and a titrelike value was attributed to each serum within a scale from 0 to 8 with steps of 0-25.
IMMUNOADSORPTION
Nitrocellulose membranes were electroblotted either with the low-salt-soluble epithelial extract separated by native-PAGE or with the TRIS-urea-3-mercaptoethanol-soluble SC cytokeratins separated by SDS-PAGE. An RA serum, diluted 1:200 in working buffer, was immunoadsorbed by five successive incubations at 4°C (three times for three hours then twice for 12 hours) with the two types of membranes previously saturated. Unblotted nitrocellulose membranes were used as control.
CHROMATOGRAPHIC TECHNIQUES
Chromatography was performed on prepacked columns using an FPLC System (Pharmacia-LKB). The low-salt-soluble epithelial extract was first applied to a gel filtration column (Superose 12, 30X 14 cm) and the proteins were eluted in 50 mM sodium phosphate, pH 7-2, 150 mM NaCl, at 0 3 ml/min. Each collected fraction was analysed by native-PAGE and immunoblotting. The fractions of interest were pooled and 1-7 M ammonium sulphate was added for further hydrophobic interaction chromatography on a phenylSuperose column (5XO5 cm) previously equilibrated with 50 mM sodium phosphate, pH 7-2, containing 1-7 M ammonium sulphate. Elution was performed at 0 5 ml/min by decreasing the ammonium sulphate concentration in the equilibrium buffer; it was led stepwise to 0-765 M then progressively decreased to 0-36 M before final washing with sodium phosphate buffer. Absorbance was monitored at 280 nm and the fractions were concentrated, then analysed by native-PAGE and immunoblotting.
ENZYMATIC AND CHEMICAL TREATMENT OF THE ANTIGENIC EPITHELIAL EXTRACT
Proteinase K digestion The low-salt-soluble epithelial extract (6-5 mg/ml) was precipitated with ethanol and solubilised, concentrated 20-fold, in 50 mM TRIS-HCI, pH 8&0 and 5 mM CaCl2. Aliquots were incubated at 37°C for one hour with either water or an aqueous solution of Tritirachium album proteinase K (Boehringer Mannheim, Germany) at a final concentration of 2 U/ml.
Alkaline ,3 elimination
Several conditions of alkaline a elimination of the 0-linked carbohydrates were tested using NaOH concentrations from 0G1 to 0-5 molIl applied during times varying from 0-5 to 20 hours at 20 or 37°C.3°The lyophilised epithelial extract was incubated either with NaOH or in water. After neutralisation the samples were precipitated with trichloroacetic acid.
N-glycanase treatment
The lyophilised epithelial extract was treated with N-glycanase (Genzyme, Boston, MA); samples (8 mg/ml final concentration) were boiled for five minutes in one volume of 2% SDS, 50 mM ,B-mercaptoethanol, then incubated for 24 hours at 37°C after adding two volumes of a 250 mM potassium phosphate buffer, pH 8-0, containing 15 mM 1,1 0-o-phenanthroline, 1 50/, (v/v) methanol, and 1-9% (v/v) Nonidet P-40 with or without N-glycanase at a final concentration of 0 03 U/ml. The samples were concentrated by trichloroacetic acid precipitation. The N-glycanase activity was tested on fetuin from fetal calf serum (Sigma, St Louis, MO) using the same conditions.3'
Neuraminidase treatment
The lyophilised epithelial extract (2 mg) was incubated for 120 minutes at 37°C with or without neuraminidase from Vibrio cholerae (Boehringer Mannheim) at a final concentration of 1 U/ml in 200 pL of 50 mM sodium acetate buffer, pH 5.5, containing 150 mM NaCl, 9 mM CaCl2, 0-05% sodium azide, and 25 mg/ml human serum albumin. Then the samples were precipitated with ethanol. Human ox, acid glycoprotein (Sigma), digested in the same conditions, allowed the neuraminidase activity to be checked.32
Alkaline phosphatase treatment The paradoxically acid conditions determined by Harada et a133 for the phosphoprotein phosphatase activity of the bovine intestinal alkaline phosphatase were used. The lyophilised epithelial extract (1-5 mg) was incubated for two hours at 37°C with or without calf intestine alkaline phosphatase (Boehringer Mannheim) at a final concentration of 0-224 U/,ug of treated material in 750 RI of 25 mM sodium acetate buffer, pH 5-6, containing 280 mM NaCl, 3 mM MgCl2, 9*5 ,uM ZnCl2, and 2-8 mM triethanolamine. Then the samples were dialysed and lyophilised. The protein phosphatase activity was checked on hen yolk phosvitin (Sigma) and the method of Cutting and Roth for specific staining of phosphoproteins after SDS-PAGE34 was used to evaluate dephosphorylation.
After digestion with enzymes or chemical treatment the samples of epithelial extract were analysed by monodimensional or two dimensional electrophoresis and by immunoblotting with RA serum samples, as described above.
STATISTICAL ANALYSES
Correlations were sought using Spearman rank correlation coefficients.
Results

IDENTIFICATION OF THE SC ANTIGENS
Various conditions for extraction of the rat oesophagus epithelium antigens were compared using several low salt buffers with or without addition of denaturing or reducing agents (urea, SDS, P-mercaptoethanol) and detergents (Nonidet P-40, Triton X-100). No significant difference in the efficiency of antigen extraction was found between the various conditions; urea and detergents only inducing the additional solubilisation of nonantigenic epithelial proteins. Thus a simple low ionic strength buffer was used for the immunoblotting analysis of a series of RA serum samples (fig 1) 75 and by all RA serum samples with IIF titre-like values higher than 3-00. The staining intensity of the C antigen was not always related to that of the two other antigens. Despite the difference in the patterns of reactivity obtained after SDS-PAGE and after native-PAGE separation of the extract, both the immunoblotting analyses showed a striking specificity for RA, as healthy donor serum samples showed either no or weak reactivity with the antigenic components (not shown). For the whole series of RA serum samples a highly significant correlation was observed between the IIF titre-like value of antibodies to SC and the staining intensity of the blots semiquantitatively estimated (r=0-96, p<10-6: antigens separated by SDS-PAGE; r=0 94, p< I6: antigens separated by native-PAGE). In the same way, the titre-like values of the serum samples in the two immunoblotting assays were highly significantly correlated (r=0-98, p<1O).
Although the solubility and the apparent molecular masses of the antigens specific for RA were different from those of the rat oesophagus epithelium cytokeratins, we performed immunoadsorption experiments to assess the antigenic independence of the two types of epithelial molecules. Certain RA serum samples, highly reactive with the three, A, B, and C, epithelial antigens and also reactive with the rat oesophagus SC cytokeratins when assayed by immunoblotting, were immunoadsorbed either onto epithelial antigens or onto cytokeratins, then analysed by immunoblotting. The immunoadsorption of one serum onto SC cytokeratins (fig 2) did not change its reactivity to antigen A, B, or C, whereas it completely abolished the reactivity to the cytokeratins. Immunoadsorption of the serum onto antigens A, B, and C did not modify its reactivity to the cytokeratins, whereas it substantially reduced its reactivity to all three antigens. When unblotted nitrocellulose sheets were used as immunosorbent the reactivity of the serum samples remained largely unmodified. 3) . Further physicochemical characterisation of the antigens was carried out using various types of two dimensional electrophoresis (fig 4) . Two dimensional IEF/SDS-PAGE allowed three antigenic molecules showing large isoelectric point heterogeneity to be separated. The previously identified 210 kilodalton antigen and a 120-90 kilodalton antigen showed similarly dispersed isoelectric points, generally ranging from 6 to 7f2 and even from 5-8 to 8-5 when detected with high titred serum samples. A third, comma shaped, antigenic molecule with discontinuous isoelectric points ranging from 4-5 to 7-2 and an apparent molecular mass ranging from 130 to 60 kilodaltons was also identified. Two dimensional IEF/native-PAGE was used to determine the isoelectric characteristics of the three antigens identified by one dimensional native-PAGE. The molecules with the higher molecular masses, referred to as the A and B antigens, showed isoelectric points ranging roughly from 6 to 7-2 (5-8 to 8-5 with high titred serum samples, like the 210 and the 120-90 kilodalton antigens separated by IEF/ PAGE-SDS). The C antigen had the same isoelectric point distribution as the 130-60 kilodalton comma shaped antigen.
Lastly, two dimensional electrophoresis combining native-PAGE and SDS-PAGE was used to confirm the relations between the antigens defined by native-PAGE and by IEF/ PAGE-SDS. The A, B, and C antigens were identified as the 210, the 120-90, and the 130-60 kilodalton antigens respectively. Their large heterogeneity both in apparent molecular mass and in isoelectric point made purification of the A, B, and C antigens somewhat difficult. Gel filtration, anionic exchange, and hydrophobic interaction, used either alone or sequentially, did not allow a complete purification of the molecules (data not shown). During hydrophobic interaction chromatography ( fig 5) , however, the antigens were sequentially eluted: the C antigen was identified in early fractions, while decreasing salt concentrations induced the desorption of the B and A antigens, which were identified in later fractions. This showed the lower hydrophobicity of the C antigen compared with the A and B antigens, which were similar to each other. Fractions Figure 5 Immunoblotting analysis of the hydrophobic interaction chromatography fractions of the low-salt-soluble antigens previously purified by gelfiltration chromatography. Gelfiltration ofthe low salt extract was performed as described in 'Materials and methods'. The elutedfractions containing the antigens were pooled and injected into a phenyl-superose column (5X 0-5 cm) previously equilibrated in 50 mM sodium phosphate, pH 7-2, containing 1* 7 M ammonium sulphate. Elution was performed at 0 5 ml/min, by decreasing ammonium sulphate concentration (---) and absorbance was monitored at 280 nm ( The charge heterogeneity of the antigens might be due to a variable quantity of terminally linked sialic acid residues. This hypothesis was explored using Vibrio cholerae neuraminidase, which hydrolyses terminal Nand 0-acylneuraminic acids. This enzymatic treatment did not modify either the migration of the antigens or the reactivity of the serum samples. Varying degrees of phosphorylation of amino acids might also account for the charge heterogeneity. Calf intestine alkaline phosphatase, used under conditions that induced an almost complete dephosphorylation of the phosphoprotein phosvitin, induced no modifications in either the migration or the immunoreactivity of the treated antigens. , and neuraminidase (D) or alkaline phosphatase (E) digestion, were applied to the low salt extract of rat oesophagus epithelia. Treated samples (*) and untreated samples (-) were separated by one dimensional 7 5% SDS-PAGE (A, B) or two dimensional IEF/SDS-PAGE (that is, 3-9 (C) or 5-8 (D, E) IEFfollowed by 7-5% (D) or 8-25% (C, E) SDS-PA GE) then simultaneously analysed by immunoblotting using RA serum samples. In the sample treated with alkaline phosphatase, serum reactivity to the enzyme produced additional staining.
It
SC determined by IIF and the immunoblotting reactivity to the low-salt-soluble rat oesophagus epithelial antigens clearly shows that the IgG detected by the two methods are largely the same antibodies.
By immunoblotting analyses we found, in the low salt extracts of rat oesophagus epithelium, three different antigenic molecules referred to as A, B, and C antigens, separable by two dimensional electrophoresis and identified as proteins by their susceptibility to proteinase K. The absence of modification of the electrophoretic patterns of the antigens after denaturing and reducing treatments showed that the three proteins are not constituted by natural or artefactual associations (neither disulphide nor weak bonds) between each other and confirmed that the antigenic system is actually composed of three distinct proteins. The A and B proteins appear to be strikingly related, however. Firstly, they share physicochemical properties such as isoelectric point distribution and hydrophobicity and, secondly, their immunoreactivity with RA serum samples was found to be closely related. This latter point was statistically confirmed as the staining intensities of the two molecules, analysed with a large panel of RA serum samples, were found to be highly significantly correlated (GomesDaudrix V, Sebbag M, et al, in preparation). These physicochemical and immunological analogies might be explained by a precursorproduct relation between the two proteins, the A protein being cleaved to generate the B protein.
In contrast, the C protein did not seem to be recognised by all the antibodies which target the A and B proteins. As above, on a large series, its immunoreactivity was also significantly correlated to that of the two other proteins but slightly less so (Gomes-Daudrix V, Sebbag M, et al, in preparation). Nevertheless, these correlations indicate that the existence of epitopes shared by the A, B, and C proteins is highly probable.
To explain both the extensive charge heterogeneity and the poor resolution of the antigens after SDS-PAGE the existence of posttranslational modifications of the protein moieties was investigated. Protein glycosylation has been frequently shown to have a microheterogeneous character37 38 and charged sugar residues, such as sialic acids or sulphated monosaccharides, could modify the net charge of the protein bearing them.39 40 Thus classical and widely used enzymatic and chemical methods30 31 35 36 were chosen to demonstrate glycosylation of the antigens. The immunoblotting analysis of samples treated by the various methods used never showed any significant change in the electrophoretic pattern of the A, B, or C antigens. The results suggest that the targeted substituting groups-that is, the best characterised types of asparagine linked glycoconjugates and the 'mucin-type' 0-linked saccharides-are not the major groups involved in post-translational modifications of the antigens. In the same way the absence of susceptibility to neuraminidase leads to the conclusion that ox-2-3, cx-2-6, or ac-2-8 linked N-acetyl or N-glycosyl neuraminic acids are not extensively represented in the antigens. As varying degrees of phosphorylation might also be a source of charge heterogeneity28 41 we attempted to dephosphorylate the antigens. The absence of effect produced on the antigens shows that phosphorylation is probably not responsible for charge heterogeneity. Taken together, these results suggest that the molecular mass and isoelectric heterogeneity have to be explained in other ways, such as uncommon glycosylation, other classes of sialic acids,40 phosphate groups with molecular environments different from those of the control phosphoprotein we used, or even other types of modification.
The persistence of protein antigenicity after all the treatments targeting the sugar moieties shows that these sugars are not the major antigenic determinants. Moreover, periodate oxidation of blotted antigenic proteins did not modify their reactivity with RA serum samples (data not shown), indicating that sugar residues with vicinal groups, such as hydroxyl or mono-or disubstituted amines, are not involved in epitope formation. Together with the protein nature of the A, B, and C antigens, and our previous demonstration of predominant distribution in the IgGl subclass of the antibodies to SC,42 which was an indirect argument for recognised determinants being proteins, the results make the peptidic nature of the major epitopes highly probable.
Until now, the antibodies to SC which label the rat oesophagus epithelium have been called 'antikeratin' antibodies, probably in reference to the term 'keratin layer' formerly used for the SC and because cytokeratins are the most abundant proteins in this layer. It was shown, however, that labelling of the rat oesophagus SC by an RA serum was not abolished either by a preadsorption of the serum with lyophilised human epidermal cytokeratins or by the prefixation of an antiserum to human epidermal cytokeratins on rat oesophagus cryosections. 22 Moreover, we recently showed, by various immunochemical methods, such as enzyme linked immunosorbent assay (ELISA) and immunoblotting, on large series of RA serum samples, that the antibodies to SC are not directed to human epidermal cytokeratins '7 19 (Simon M, Vincent C, et al, unpublished data). The molecular masses, the isoelectric points, and the high solubility of the A, B, and C antigens are clearly different from those of rat oesophagus epithelium cytokeratins.43 The unmodified reactivity of RA serum samples to the A, B, and C antigens after adsorption on the SC cytokeratins extracted from the same tissue clearly indicated that the major epitope(s) recognised on the antigenic proteins are not present on the SC cytokeratins, at least in the form and the conformational state they present on nitrocellulose sheets. Considered as a whole, these results show that the A, B, and C rat oesophagus epithelium proteins recognised by RA serum samples are not cytokeratins, and that the recognised epitope(s) are absent from these molecules in our experimental conditions. The IIF labelling by RA serum samples of the cornified layer of the rat oesophagus epithelium indicates that the recognised proteins correspond to molecules whose synthesis or processing generates epitopes during the late stages of keratinocyte differentiation. The physicochemical and biochemical characteristics of the A, B, and C antigens differ from those of all the previously described late differentiation proteins of rat squamous epithelia. We recently identified in human epidermis, however, the targets of the autoantibodies to SC to the basic filaggrin and to a neutral to acidic variant of this protein. 44 Filaggrin is an intermediate filament aggregating, histidine rich protein which has been characterised in the epidermis of a variety of species, including murine animals and humans.4' In rat epidermis its synthesis occurs in the keratinocytes of the granular layer as a heavily phosphorylated 600 kilodalton precursor (profilaggrin), which accumulates in the cytoplasmic keratohyalin granules.45 This precursor is formed by the tandem repetition of about 20 filaggrin units separated by short linker peptides.46 During the transition from the granular layer to the SC the serine residues are dephosphorylated and profilaggrin is proteolytically cleaved to produce the basic 45 kilodalton filaggrin with heterogeneous isoelectric points ranging from 9 to 10.47 41 When we applied the various published methods for extraction and purification of epidermal filaggrin to rat oesophagus epithelium41-5( we were unable to detect any protein with physicochemical characteristics identical to those of the mature basic form of rat epidermal filaggrin.sIa The absence of this form of filaggrin has also been reported in the rat palate epithelium, another cornified squamous epithelium, whereas immunohistological analyses allowed (pro)filaggrin epitopes to be detected in the keratohyalin granules and in the SC of this epithelium.5" Moreover, profilaggrin mRNA was detected in rat oesophagus epithelium by in situ hybridisation.52 Therefore, it may be suggested that profilaggrin synthesis actually does occur in rat oesophagus epithelium but that the differentiation pathway in this epithelium differs from that observed in epidermis, and induces specific profilaggrin maturation processes. Therefore, the A, B, and C antigens, immunologically related to human epidermal filaggrin, and different from rat epidermal filaggrin and profilaggrin, might correspond to forms of (pro)filaggrin specific for the rat oesophagus epithelium.
In conclusion, we characterised the proteins targeted by the antibodies to SC, so-called 'antikeratin' antibodies, which have been found to be highly specific for RA and to be related to its most severe and active forms,"' to be present at its early stages,20 and even to precede its clinical onset.Si Identification of the epitope(s) defined by these antibodies on the three rat oesophagus antigens and the search for these epitopes on molecules of the human synovial membrane may provide new insights into the pathogenesis of RA.
